Abstract
Introduction
Man's domestic and industrial activities introduce several chemicals into the environment which impact living organisms in the ecosystem depending on the concentration and duration of exposure. Insecticides constitute one of the major groups of pollutants deliberately introduced into the environment to exploit their toxic action *Corresponding Author: Osuala, F.I. Email: fhilosu@yahoo.com against pests in domestic, agricultural, and medical sectors. Insecticides are economic poisons, designed to kill or repel pest which is the fastest, easiest, and therefore, the most common method of pest control above cultural and biological methods (Don-Pedro, 1980 ). However, continued over-reliance on chemical method of control is limited by deleterious side effects on non-target species including aquatic organism, livestock-wildlife, and man coupled with the development of resistant pest species (Don-Pedro, 1993; Don-Pedro and Adebite, 1985) . There has been largescale destruction of aquatic resources such as fish, crabs, crayfish and tadpoles (Wigglesworth, 1976) . These compounds occur in many aquatic ecosystems with other pollutants such as detergents. In dwelling places several kinds of detergents are used as cleaning agents obtained from synthetic organic chemicals (Ogundiran et al., 2010) . The Nigerian market is flooded with varied brands of detergents manufactured by companies locally and internationally in order to meet the need of the growing population. Most of these detergents are cheap and foams easily with all forms of water whether acid or hard (Okpokwasili and Nwabuzor, 1988) . The major culprit that enhances the cleaning ability of these detergents aside from bleach, builders, dyes, enzymes filler, foam stabilizer, optical brighteners, perfume, soilsuspending agents, and other materials is surfactants (Swisher, 1975; Okpokwasili and Nwabuzor, 1988) . However, detergents eventually chart their entry into the aquatic environment impacting the biotic components (Adham et al., 2002; Adewoye and Fawole, 2002; Adewoye et al., 2005; Ogundiran et al., 2007 and Ogundiran et al., 2009) . Detergents bioaccumulate in an aquatic organism (Dara, 1993) , biomagnify in the food chain (Farkas et al., 2002) resulting in cell damage (Chibuzor, 1994) . Numerous studies have investigated the single action toxicity of these pollutants (Otitoloju and Okusada, 2003; Adebayo, 2006) ignoring the fact that these pollutants (detergent and insecticides) occur as mixtures impacting organisms in the aquatic environment. Therefore, to understand potential impacts on non-target organisms in these habitats, toxicologists generally use short-term (4-d) toxicity tests on model organisms. Considering the management of pollution, single and joint action toxicity studies of chemicals against nontarget organisms is necessary. Thus the study investigated the biological action of insecticide and detergents acting singly and jointly against a local aquatic species that is of ecological significance.
Materials and Methods

Test Animals
Adult Poecilia reticulata (0.08g ± 0.01; 16mm ± 0.002) were collected using a sweep net (Mesh size 2 mm) from an open drainage located at the University of Lagos. They were transported in transparent bags containing water from the point of collection to the laboratory into a holding plastic tank (30L) half filled with a mixture of dechlorinated tap water and water from the site of collection. Throughout the duration of the experiments, guppies were collected from the same site to minimize variability in biotype. 
Acclimatization of Test Animals
531
79.5% ± 2 RH for 9days before being used in bioassays and fed with fish pellets daily. Water in holding tanks was changed once every four days to avoid the accumulation of waste metabolites and decaying food substances.
Test Compounds
The test compounds evaluated were; a household insecticide coded as A and two commonly used laundry detergents coded as K and P.
Insecticide (A)
It 
Preparation of Test Media
Based on the preliminary test conducted, various concentrations were determined for the test compounds. It was weighed out for the detergent solid formulation while the insecticide formulation was measured out by volume and each measure was filled up to 1000ml in a conical flask to achieve a stock solution of known strength, using distilled water as diluents. The stock solutions were serially diluted to achieve solutions of lower strengths. To prepare a test media, an amount of the stock solution or serially diluted solution was taken out by a measuring cylinder and poured into a bioassay container where it is made up to 1000ml using the appropriate amount of dechlorinated tap water as diluents. Preliminary experiments demonstrated that 1000ml of dechlorinated tap water could support ten guppies for 10days without aeration. Thus all test media including control were always made up to 1000ml.
Quantal Response (Mortality) Assessment
Test animals were taken to be dead when all body parts stopped movement even when probed with a glass rod. Mortality was assessed once every 24hours for a period of 4days for all the experimental set -up.
Relative Acute Toxicity of Detergents and Insecticides Acting Singly against P. reticulata
Active guppies (10) of similar sizes were randomly assigned to insecticide and detergent treated and untreated test media, in separate duplicate bioassay containers.
Bioassay Procedure
The bioassay procedure was without renewal of the test medium that was applied for all toxicity tests. The following concentrations for the insecticide and laundry detergents that were tested against the test animals on single action toxicity were as follow: The joint action toxicity test is a similar experiment with that of acute toxicity test, but in this case, the test media contained a mixture of insecticide and laundry detergents in the following ratio:
(a) Binary 1:1; 1:4 mixtures of A and P or K detergent (b) Triple 1:1:1 mixture of A, P and K detergent. Don -Pedro (1989) .
LC 50 : the lethal concentration that can cause mortality in 50% of the population. Joint action toxicity mortality data was analyzed using three (3) models (A, B, and C).
Model A: a model after Hewlett and Plackett (1959) was adopted in this study to classify and quantify the joint action of detergents and insecticide that are separately active against the guppies as follows: Additive RTU = 1 Antagonism RTU < 1 Synergism RTU > 1 Model C: Isobolograms (Ariens et al., 1976) . The joint action toxicity between the toxic compounds is presented in form of isobolograms. Each Isobole (I -IV) represent the amount of the toxicants in the formulations (employing multiple ratios with mixtures with the same constituents but in varying ratios) that produce a given biological response (usually the 50 % mortality response level-LC 50 ). In the theoretical isobole, points A and B represent the amounts of toxicant A and B which singly produced the biological response (LC 50 or median response levels in this research) which when connected gives the additive line (figs.1). Fig. 1 : Isoboles depicting the types of interactions between two chemicals A and B (Ariens et al., 1976) . Isobole I, II, III and IV depict additive, synergism, subadditive and antagonism respectively
Results
Relative acute toxicity of A, P and K acting singly against P. reticulata
On the basis 96hr derived mortality data, it showed that insecticide (A) was most toxic (0.00137mg/l) followed by detergents P (0.773mg/l) and K (28.841mg/l). Based on the derived Toxicity Factor (TF) insecticide (A) was 21051.82X more toxic than K (Table 1) .
Joint action toxicity of insecticide and detergents against P. reticulata
On the basis of 96h LC 50 joint action toxicity data values ( Table 2 ), showed that the mixtures of insecticide and detergents in all ratios (1:1, 1:4, 1:1:1) was more toxic to P. reticulata than when acting alone (A = 0.00137mg/l; P=0.773mg/l and K=28.841mg/l). In descending order of toxicity it was revealed that A/P (1:1; 0.00079mg/l) > A/P/K (1:1:1; 0.00093mg/l)>A/ K (1:1; 0.00094mg/l)>A/P (1:1; 0.00098mg/l)>A/K (1:4; 0.00106mg/l).
Subjection of joint action toxicity data based on Synergistic Ratio model (SR) showed a similar trend where all mixtures was far above 1 (SR>1) indicating synergism. The derived SR 2 in all mixtures were also greater than 1 (Table 3) .
Subjection of the 96h LC 50 values to synergistic analysis of test compound mixtures (Based on ConcentrationAddition Model) showed that interaction of mixtures in various ratios (1:1, 1:4, 1:1:1) tended towards synergisms (RTU>1) although varying in different levels of fit (Table 4) .
Further analysis of joint action toxicity data based on the isobologram model showed that in binary mixtures (1:1 and 1:4), the Isoboles was inclined to synergism (figs. 2 and 3). 
Discussion
The study has established the relative acute and joint action toxicity of insecticide (A) and laundry detergents (P and K) against P. reticulata. On the basis of 96h LC 50 values derived from mortality data of chemicals acting singly against P. reticulata which indicated that A was the most toxic followed by P and K is in agreement with the findings of Oyekunle (1996) , who reported that Nuvan was 1.2 times more toxic when compared to Gardoprim against guppy. Lawal and Samuel (2010) also found out that Actellic, an insecticide was toxic to P. reticulata at 96h LC 50 value of 0.019mlL -1 . The differential acute toxicity of pesticide and detergents could probably be ascribed to differences in their physicochemical components (Adebayo, 2004 ) that also influenced their penetrability into the membranes as well as in their sites and, mechanism of action. This calls for caution in the indiscriminate usage and disposal of insecticide containers. Guppy is a very a hardy species of fish with high tolerance level to polluted water. Their response to the toxic levels of A is indicative of its biomonitoring quality especially to pesticides as indicated by various studies (Polat et al., 2002; Mahmut et al., 2005; Mehmet et al., 2004 and Rukiye et al., 2003) . It also showed that the insecticide could pose high environmental risk to non-target organisms that are inadvertently exposed to this pollutant (Medeiros et al., 2013) . Additionally, the insecticide (A) being more toxic than the detergents is not surprising as study as shown that insecticides are even more toxic than herbicides (Mhadhbi and Beiras, 2012) . Invariably, aquatic organisms at the receiving end of the water body are thus exposed to these pollutants in mixtures and impacting their effects simultaneously. Therefore, the study on joint action provides better information on the health of the environment than when solely relying on the classical single action toxicity test. The joint action toxicity data that showed the mixtures of insecticide and detergent in all ratios (1:1, 1:4, 1:1:1) was more toxic to P. reticulata than when acting alone showed synergistic action meaning that the toxicity of the insecticide was enhanced in all ramifications of mixture ratios. This could be traced to the surface acting property of detergents thus imparting their toxicity on the membrane (Enajekpo, 2000) . Once there is a lysis of the membrane, the components of the A were probably able to penetrate making it bioavailable to elicit its toxicity. This is also in agreement with the finding of Adebayo (2004) where the author observed that laundry detergents synergized the toxicity of spent lubricating oil against P. reticulata. The study revealed that A, and P mixtures in ratio 1:1 was the most toxic relative to other ratio mixtures. This is probably as a result of the component of P that has surfactants; the main contributor to the toxicity of detergents. Studies have shown that aside from the other components of detergents such as brighteners, builders, fillers, phosphates and bleach, surfactants is the major culprit causing their toxicity (Otitoloju, 2005: Warne and Schifko, 1999) . However, the toxicity was further complicated due to the overall components of the insecticide (A) thus in all mixtures they showed synergism.
The results of all the models used for the joint action interaction classification conformed to synergistic interaction. This further confirms the reliability of the various models in predicting the toxicity of these selected pollutants
In Nigeria, and many developing countries, there is massive use, indiscriminate discharge/ dumping of detergents and insecticide containers into gutters, open drainages and eventually are discharged into aquatic system impacting organism (food web). In view of these findings, it is extremely important that regulators should enforce proper disposal practice, encourage the treatment of sewage before discharge into the environment backed up with stringent measures to curb these menace. Manufacturers of detergents should use a more environmentally friendly ingredient in order to minimize the negative effects on organisms and man eventually.
The additional relevance of this study is hinged on its usefulness in setting environmentally safe limits for these pollutants that can be utilized by regulatory bodies to ensure safety of aquatic organisms.
Conclusion
The study has established the relative acute toxicity of an insecticide and detergents as well as the synergistic interaction in various mixture ratios against P. reticulata. This calls for further research into other forms of pollutants in the environment where organisms are forcefully exposed, to curb the gruesome mortality of organisms that play key roles in the food web.
